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The present invention resides in the manufacture 
of an AIMg alloy sheet with zinc addition which is 
readily deformable in the soft condition and 
especially suited for shaping into motor vehicle 
body components. The alloy sheet has a strength 
of at least 250 N/mm2, a grain size of less than 
50 mu m and, after deformation has occurred, 
remains free of surface defects such as orange 
peel effect and Luders bands and also, after a 
possible influence of heat, remains insensitive to 
stress corrosion cracking. The zinc addition 
produces a widening of the working range so that 
after the last cold rolling operation the alloy can 
be soft annealed above the recrystallization 
temperature wjthout coarse grains or Luders 
band appearing. The zinc addition produces an 
insensitivity with respect to stress corrosion 
cracking after a heterogenization annealing 
subsequent to the soft annealing, even after a 
sensitization at 150 DEG C. on a sheet which has 
been deformed with a cold reduction of 20% and 
more! 
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(54) Method of manufacture of 
aluminium alloy sheets containing 
magnesium and zinc 

(57) An Al-Mg alloy sheet with zinc 
addition in the range 0.5 to 2 wt%, 
which is readily deformable in the soft 
condition, and especially suited for 
shaping into motor vehicle body 
components, has a strength of at least 
250 N/mm 2 , a grain size of less than 
50 /jm. and after deformation has 
occurred, remains free of surface 
defects such as orange peel effect and 
Luders bands, and also remains 
insensitive to stress corrosion cracking 



after subjection to heat 

The zinc addition produces a 
widening of the working range, so that 
after the last cold rolling one can 
always soft anneal above the 
recrystallisation temperature, without 
coarse grain or Luders bands 
appearing. 

The 2inc addition additionally 
produces an insensitivity to stress 
corrosion cracking, after .a 
heterogenisation annealing 
subsequent to the.soft annealing, even 
after a sensitization at 1 50°C of the 
sheet which has been deformed with a 
cold reduction of 20% and more. 
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SPECIFICATION 

Method of manufacture of aluminum alloy sheets containing magnesium and zinc 

Alloys with 4.5 to 5% magnesium together with additions of manganese and chromi.. m • 
the soft annealed condition, a tensile strength of 25 to 30 kg/mm*. chromium attain, in 

However, alloys with high magnesium content display certain particularities whirh m ...» k- 
account of during the manufacture and the further workmg V b y comofned ^oSXS^SSSS^ 
forming of the preferred cold deformation in the manufacture of motor vehicle botes 

po^c^^ 

fca= 

where however all the conditions are present to produce stress conosion cracking- the Dresencl^' 
deformation zones as well as of internal stresses from deeb drawing or streich fo?mina . 
s^mu C nSngt hrSh tem ""«"°* < waste haa < <* *• ^'"e. incident 9 ^^^ 

Treatments are known. by which flow patterns can be avoided. These measures are h W/BMr «* 
such a nature that the latter are not suitable for a treatment of motor vehicle bodies T«?h~ 
belong production of a grain diameter above 50^m. which affter^^ 

orange peel effect on the surface of the cold-formed part - cold-deformation over me distm« tow 
zone of beyond about 1% remaining extension, which leads to a great loss in formability — and ™ attv . 
quenching from a soft annealing temperature in the solution range of about 530-C. which brinos with i, 
the disadvantage that, because of the only transient effect, the sheet must be immediately defSmerf 
which makes storage practically impossible. •mmeaiaieiy deformed. 

Likewise measure are known for reduction of sensitivity with respect to stress corrosion craeM™ 
such as an addition of about 0.75% manganese and/or of about 1% zinc and ESS? " he 5££2S£ 
SoypSrS ~ °° C ' WHICh h " 98 COnse< » uance a Precipitation at thegrai!, bpSSSSlSS- 
The combination of the measures for reduction of the SCC sensitivity with the above-mentioned 
measures for avoidance of flow patterns does not. even if it is possible, succeed in avoiding the 
disadvantages of the latter and in ensuring the resistance to SCC after a succeeding deformation 
f6llow^TcritenV Bnt, ° n 3 method }s to be P rovided tooptimise sheets off AMg alloys according to the 

patte^diETains^^ ^ reSiSt3nCB 393,081 C ° TOSi ° n CraCkl " 9 - *"*"" *™ *~ 
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The invention Involves ■ method off manufacture off a sheet off an aluminium-magnesium atlcv with 
site strength of at least 250 N/mm* in the soft condition, particularly suited for the pmduc?io?of 
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a tensile 

_. , " ""*'■""■ ■ VV.IUIUUH, parubuiany suiwa TOrthe Droductinn nf 

shaped components, which are free from orange peel effect and Luders bands, end. without "SSal heat 
treatment after the deformation, are insensitive to a possible sensitisation in use with 
CO ! ros,on J pr?ck.ng characte rised in that a rolling ingot is made from an aluminium-magneskjnVa^o? 
with an addition of zinc in. the range from 0.5 to 2 wt.%. that the working by various hot roUno 
intermediate annealing, and cold rolling operations occurs in such a way that, after rollina to final 
thickness a condition is present which, during soft annealing, leads to a grain size of less than SO „ m 
and to a plastic extension in the marked plastic zone of 0—0-5% and that the sheet subs-ouant Y« thl 
soft annealing: is held for at least one hour in the temperature range from 220 to 226°C " 
A preferred method is characterised by the following steps out in succession* 
T P /^ dUC -l 1 ?? ° f 3 hom °Senised and surface-machined rolling ingot with a composition in weioht 
percent of 4 to 7 Mg max. 0.5 Si. max. O.S Fe. max. 1.0 Mn. max. 1.0 Cu. max. 0.3 Cr?0 S '2 > 1 5Zn 
preferably 0.9 to 1 .5 Zn. max. 0.O5 Bi. balance essentially Ar. BI,S Zn ' 

— hot rolling to intermediate thickness, 

— cold rolling with a thickness reduction of at least 20%. preferably 30 to 70% 

— intermediate annealing above the recrystallisation temperature, preferably above 350»C 

— cold rolling to final thickness with a thickness reduction of at least 12%. preferably 15 to 30* 

— soft annealing above the recrystallisation temperature, preferably above 300°C 
~~ s ii bi,isa,ion against stress corrosion cracking by holding during 1 to 24 hours at temamaw^ 

between 200 and 260-C. preferably after cooling from the soft annealing temperature to t w ™ ?8ralUres 
stabilisation temperature with a speed of less than 1 00°C per hour. 

... ° ne can a,so co,d ro " di -' e ctly to the final thickness from the intermediate thickness after hnr 
rolling, and also the heterogenisation can be solely determined from the continuous coolingWed from fin 
the annealing temperature. In this kind of heterogenisation one can avoid holding in a temJ-E ™ " 
over a long period of time. Whether one.or the other case, alone or in combina tion. is in quSWll 
is dependent on the thickness of the cast, homogenised and surface-machined hot wilino in^^^^ 
alloy employed, and not least on the particular manufarmrinn „«».,:»»:■:.--- • 
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The zinc addition produces the advantage, hitherto not recognised of so widening the working 
ranae between coarse grain and flow patterns of type A. that fully sort sheet can be produced, which, it 
a subsequent cold deformation, shows neither orange pael effect nor Jlow Patterns 

The method according to the invention, especially the effect of the addition of zinc, with the 
widened working range referred to through this addition of zinc, makes it possible for the first time to 



produce sheets for motor vehicle bodies, without having to fear that these, after cold working has 
occurred In the car factor/, will fail by stress corrosion cracking. The method however is not limited to 
the manufacture of stock sheet for motor vehicle construction, but it is also suitable for preparation of 
stock sheet for similar cases. % , _ _ 

In addition, by the method according to the invention a certainty is ensured that cannot be 
attained with zinc-free aluminium-magnesium alloys. This improvement in certainty facilitates stocking 
both by a semis manuracturer, and also by a manufacturer of bodies, and signifies an economical 
operation for the semis factory. 

' It has been found that the advantages mentioned do indeed appear in practice in use of the 
invention, and that fine-grained, high-strength sheets can be produced, which, even after deformation 
has occurred, retain a handsome surface (no Luders lines, no orange peel effect), and which moreover, 
even after exposure to heat, remain insensitive to stress corrosion cracking. 

One particularly preferred range of composition for the rolling ingot is. in weight percent. 4.0 to 
4.9 Mg. max. 0.4 Si. Max. 0.4 Fe. max. 0.1 Cu. Q.4 to 1 .0 Mn. 0.05 to 0.25 Cr, 0.9 to 1.1 Zn. balance . 
essentially Al. 

Another particularly preferred range of composition for the rolling ingot is. in weight percent. 4.5* 
to 5.6 Mg. max, 0.4 Si, max. 0.5 Fe, max. 0.1 Cu, 0.1 to 0.6 Mn, max. 0.2 Cr, 0.9 to 1.1 Zn. balance 
essentially Al. 

Preferably the material condition before the final annealing corresponds to a cold roiling degree of- 

15to22%* . ^ ^ 

Four versions A..B. C and D with the- com positions set out in Table I were prepared and compared 

with one another. TABLE I 



10 



15 



20 



25 



Alloy constituent In wt. % 


Alloy A 


Alloy B 


Alloy C 


Alloy D 


Silicon 


0.15 


0.15 


0.15 


0.15 


Iron 


0.25 


0.22 


0.22 


0.22 


Manganese 


0.79 


0.30 


0.79 


0.30 


Magnesium 


4.33 


4.66 


4.17 


.4.67 


Zinc . 






0.97 


1.00 


Chromium 


0.11 




0.11 


0/14 


Bismuth 


0.029 


. 0.024 


0.024 


0.026 


J Aluminum x ^ 


balance 


balance 


balance 


- balance 



30 



x > plus usual impurities dependent on the recovery process. 

A corresponds to DIN reference AIMg4.5Mn or AA No. 5083. B corresponds to DIN reference 
30 A!Mg5 or approximately AA No. 5056. the two zinc-containing alloys C and D are not standard ones. 

Each of these alloys was cast into a rolling ingot 70 mm thick, and then homogenised at480°C 
during 6 hours and 550°C during 12 hours, then surface machined and hot rolled in the usual manner 
to 4 mm. 

Then followed a cold rolling to various thicknesses between 1 mm and 2 mm. which signified a 
35 reduction from the starting thickness of 75% to 50%. Then said cold rolled test pieces were annealed at 35 
400°G, during which the sheets recrystallised with a fine grain. Thereafter ail test pieces were cold ^^^^ 
<m rolled to a final thickness of 1 mm. w? cold rolling degrees (percentage reduction of thickness) 4|^^^^ 

if £6%* The finally-rolled test pieces v nealed at to 500°C. during which, according to thl* 
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degree of cold rolling and the temperature, a recovery or a partial or complete recrystallisation coutd 
. occur. 

Figures 1 to 4 show the outcome for the individual alloys A, B. C and D, and In them are noted, 
each in dependence of the annealing temperature and the reduction In thickness during cold rolling.* the 
5 corresponding values of the uniform elongation as well as the coarse grain zone (G). and the *on e 
where flow patterns type A (Luders lines) occur (A,, > 0.5%). 

The uniform elongation serves as a measure of the formability during stretch forming or deep " 
drawing. It was reckoned from elongation values A lo and A s provided in tensile tests according to the 
Kostron formula (H. Kostron # *Zur Matherhatikdes Zugversuches/' Archiv fur das Eisenhuttenweseri. 22. 
10 1951. page 317 etseq.). 

* The yield-to tensile ratio RO-2/Rm was also taken into account as a measure of formability where, 
opposite from the case with the uniform elongation, lower values of R0.2/Rrn enable one to recognise a 
greater formability during deep drawing/stretch forming. Additional information is given over the degree 
of softening by the annealing. 
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In the drawings, the working ranges for the alloys A-B-C-D were indicated. These working ranges lie 

within an area which is delimited by the boundaries of coarse grain structure and of flow patterns type 

A, as well as by the contour line for the uniform elongation A Q of about 1 5%. Beyond this, the sheet 

must be totally recrystallissd. 
_ Since the tensile strength with all alloys and all shown combinations of thickness reduction and s 

annealing temperature has remained above 27 kp/mm 2 (270 N per mm 2 ), a tabular rendering of the 

total experimental area is omitted. 

In Table tl the individual values are collected from the tensile test, which are in question for the 

working range, in dependence upon the annealing temperature (annealing period 1 h), cold rolling 
1 o de 9 ree and Qrain size* Among other things, there results the expected correlation between the yield to « Q 

tensile ratio R0.2/Rm and the degree of softening. In accordance with it. the values of R0.2/Rm of 39 to 

42% were associated with the grain sizes 1 4 to 40 /im (C and D), while with values of R0.2/Rm of 47 to 

62% no recrystallisation had yet occurred (A and B). With A therefore there resulted no working range 

and with B only one lying around a single point. 
^ 5 As coarse grain is understood a mean grain diameter of more than 50/xm_ As a measure for the j 5 

working range of each alloy there can serve the area In cm 1 of the zone indicated with shading in Figures 

1 to 4 according to the named criteria. 

— The result of the alloy A is an area of zero cm', for the alloy B an area of about 2.1 cm 3 , for the 
_ alloy C an area of about 43 cm*, for the alloy D an area of about 43 cm 2 . 
20*" 1118 * 5nc addition in the alloys C and D thus.according to the above results brings a significant and 20 

hitherto unknown broadening of the working range with it. because the flow patterns first appear with 

smaller grain sizes. 

Before all else, with these alloys the annealing treatment can be selected so high that It always 
gives rise to a complete recrystallisation of the cold-rolled sheet. 
25 In Figures 1 to 4 # the combinations of reduction in thickness and annealing temperature, which 25 

were chosen for the testing of the behaviour in stress corrosion cracking, are indicated $s A1/A2. B1/B2. 
C1/C2, and D1/D2. The annealing period amounted universally to one hou r.: 

The versions A1 . A2 # B1 and B2 are state of the art, which are to be compared with the versions 
according to the invention C2 and D2 as regards behaviour in stress corrosion crapktng before and after 
3q a new cold deformation has occurred. ' - 3Q 

The versions CI and D1 fall much within the area of flow patterns, which is characterised by 
plastic extensions in the marked flow zone of more than 0.5%. These sheets can be employed if it does 
not so much matter whether flow patterns occur or not. These sheets ran be employed for the internal 
construction of a motor vehicle or the like. 
35 The following Table 111 represents the starting parameters of the versions indicated in Figures 1 to 35 

4. . 

The marked flow zone corresponds in the versions A1 — D1 to plastic extensions of 0.5 — 0.7%. 
in the versions A2 — D2 those of O — 0.5%. 

The behaviour in stress corrosion cracking was tested by means of U-bend-specimens in 
40 accordance with DIN 50908/1 964 up to a duration of 90 days. For the U-bend tests, the soft annealed 40 
or weakened and heterogenised sheets of versions A1 to D1 and A2 to D2 were cold rolled with 
thickness reductions of 0% to 60%. and then subjected for 3 days to a temperature of 1 50°C. to make 
these sensitive with respect to stress corrosion cracking (sensitization). 
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The testing solution consisted of: 
30 g NaCI 

5.44 g CH,COONa.3H a O 
5.68g Na 1 Cr a O r 2H,0 
5 balance de-iohised water to 1 litre solution. 

appr 7.5 ml acetic acid (>98%) added, to stabilise the solution at a pH of 4 
Testing temperature was 25°C. 

For the versions A1 . Bl . C1 and 01 . which were heterogenised at 220° C durinn ft h~ 
results are shown graphically in Finures 5a 5b 5c anri «?ri a„J!!1? H -V^BB hours, the 
, O - 6d for the versions A2. B2. cTSSofta these ZSJSf^S 000 * 5 T" 9 |S In F * ures 6 * 
s,owcoo,in g fromu,e,nnea^ 

For understanding of Figures 5 and 6. the explanation of Figure 5a is suffirilnt wh- h . 

£2S? '2""" te each °' h "' • nd *• poin,s "" h *• tov "»' " " ■» «~ss fd;? 9 Jss^ ~ 

Whereas with the zinc-free alloys A and B such a nniunnn ^- ~i , 
independently of the degree of cold deformation^ USSS^STi? ° 8n . d 
CI and D1. and with the version C2 one oSoSa SShS^r^ verslons 
the version 02 the polygon first begins at all at 1 ox'and ceases already at JSS"" 2 ° ^ 4 °*' W?th ' 

Even the points of such tests, which showed no cracks even after lansaofah rt»«« r .•- . 
an arrow) were when possible likewise connected together v^^ a ?h?lK.^SSL 5^ < . ,nd,cated *»» 
alloys C and D it was always possible to run a straioht llna JSZJSfSS - With w the *nc-containing 
days, quite independently of the d^SS^ffitjJSM tht 25? W5tH 3 ° f ^ 90 

essenSt^^ 

The results establish that, by a heterogenfsation in addition to the soft Ir Ze^nlnl ^l'v 
one can succeed in making sheets of AIMa4 5Mn or AliuinR !„ ^ • • . weaKemn 3 annealing, 

pre-form factory, more or fess l25w2?S£S^^ »■» *. 

end 81 . which were heterogenised at 22 0 o C for BteuS. tn?s" SSh to^SS^^JS! ST""* A1 
versions A2 and B2. which only slowly cooled to 250°C after the softentno LVr~™J? ^ 

However, after a cold deformation of more Ih^itSS^lSSSSSS^^ ^.f" 9 * 
become sensitive to stress corrosion cracking, if they are subletted to lain i£SS£? Bn 1 MM ** a S*n 
temperatures. Cold deformation in this zone can *££m%^^ 

with combined stretch forming and deep drawing. production of motor vehicle bodies 

40 M. however, the heterogenisation treatment is undertaken on an AIMa altov rinr. a rfrKt:„ .u 

sheet even remains insensitive with respect to stress corrosion SSS^^u^lStS^ 
deformation is undertaken before the critical heat influence (sen^tEm ? „ 

of sheets of zinc-containing AIMg alloys, which had bee" product 
eccording to the invention, bring to the manufacturer and purchase ^SSTSShSS 
45 disadvantageous trouble as regards cracks, which have arisen through stre» c^msfon cracklnn A 
further advantage arises for the manufacturer of motor vehicles fmm the fact xte?o~2arZ F&S" ^ 
components can be stored even without surface protection prepared body work 

The heterogenisation annealing after the last soft annealing produces with zinc-containi»„ ai-ui 
c« h 1?* fi ° e y d ^ persed Precipitation of MgZn phases even in the £rain interfere while the 9 M9 
50 heterogenisation annealing with zinc-free AIMg alloys produces orecinitation* A I? , 

the grain boundaries, so that in deformation ba^ds wnich SETS ^SSSSZ^S&SS^ZS^ 

CLAIMS 

at ,e Jt-2^^ 5S 

characterised in that a rollingtngot S ^^^^7^ *° S , tress co " osi °" racking, 
zinc in the range from O.S to 2 wt % that the I n ^aZ^T 3 . u- Um ?"° y WUh * n additi °** 
cold rolling operations occurs k^V^St^^S^iZ ^" ,nterrnedia 'e annealing and 60 
which, during soft annaaling. leads to a S sfce offess tiai ?n ™ th, ? t ness -, a condition is present 60 
marked plastic zone of 0-0 5% and that the sheet subLo!S m'o r ° " ex,ensi °" the^_ 

one hour in the temperature range ^from ^0 to 'oOoC Q ea ' m9 * he,d for at l -flV 
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60 
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2. Method according to claim 1 characterised by the following steps carried out in succession- 

preferably 0.9 to 1.5 2n. max. 0.05 Si. balance essentially Al * °' 7 ,0 15 Zn « 

5 — hot rolling to intermediate thickness. 

— cold rolling with a thickness reduction of at least 2096. preferably 30 to 70% 
""^""fr ' at f a " nea, '?9 above recrystailisation temperature, preferably above 350-C 
"soft a ™ n V° fi " a, , th, ? ness wIth f thickness reduction of at least 1 2%. preferably ?5 to 3096 

— so" anneal.ng above the recrystailisation temperature preferably above 300-C ' 
1 0 . — stabilisation against stress corrosion cracking by holding during 1 to 24 hours .. 

s SbT,tL n «int and 26 ?° C ' P^ ab 'v a ^/,^oUngfrom the soft annealing ^ tempera^ Z * mp8r3tUres 
stabilisation temperature with a speed of less than 100°C per hour ne 

3. Method according to claims 1 and 2. characterised by an alloy with a comnosltlon ?~ . 

15 1 .1 Zn. balance essentially Al for the rolling ingot 5 Cr * 09 to 

4. Method according to claims 1 and 2, characterised bv a comoo^tinn ? n ,., A :„u. 

5.6 Mg. max. 0.4 Si. max. 0.5 Fe. max. 0.1 Cu. 0.1 to 0 6 Mn ma* 0 2 X 0 L9 t,T Tf^JTT^ °' 4 5 to 
essentially Al for the rolling ingot. * 0,9 t0 1 1 Zn * b *»' a nce 

Method «*onKng to claim 4. characterised in that the material condition before the final 
20 annealing corresponds to a cold rolling degree of 1 5 to 2296 oerore the final 

6. Method according to claims 1 to 5. characterised in that the said alloy sheets are •mnin»~i'# 
production of motor vehicle body components. V sneeis are employed for 
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